1. Introduction {#sec1}
===============

Musculoskeletal pain is common and costs billions of dollars in health care and lost wages \[[@B1]\]. Chronic musculoskeletal pain syndromes such as fibromyalgia and myofascial pain syndrome can be disabling and difficult to treat \[[@B2]\]. Focusing on these issues, a model of long-lasting mechanical hypersensitivity induced by 2 intramuscular injections of acidic (pH 4.0) saline \[[@B3]\] was developed. This procedure produces a bilateral muscle and cutaneous mechanical hypersensitivity and increased visceral sensitivity \[[@B3], [@B4]\].

Only 5 studies have shown in this model of pain after double injection of acidic saline some treatment and two nonpharmacological treatments \[[@B5], [@B6]\], where also the interaction of the opioid system in effect after physical activity was proved \[[@B5]\] and three studies in which pharmacological treatments reversed the hyperalgesia \[[@B4], [@B7], [@B8]\]. The efficacy of electroacupuncture based analgesia is well documented, and some trials have demonstrated that electroacupuncture reduces the need of postoperative consumption of analgesic drugs \[[@B9], [@B10]\]. Other studies have shown that EA is effective in treating migraine crisis \[[@B11]\] and orofacial pain \[[@B12]\] without the use of pharmacological agents. The promotion of the EA analgesic effect in animal models of acute or chronic pain is well documented in the literature \[[@B13]--[@B24]\] demonstrating the potential of this therapy.

Studies have shown the activation of descending inhibitory ways, descending opioid system after stimulation by EA \[[@B16], [@B25], [@B26]\], an increase in *β*-endorphin levels of plasma \[[@B24], [@B27]\], and brain \[[@B19]\] interactions with the GABAergic system \[[@B28]\], activation of spinal muscarinic receptors \[[@B29], [@B30]\], and involvement of the serotonergic system \[[@B16]\] in other animal models of hyperalgesia. Concerning the best frequency for treatment with EA, the literature is unclear about the most efficient way. Some studies showed better results with low frequency in an animal model \[[@B13], [@B17]\] while in other studies high-frequency EA was more effective \[[@B31]\].

The objective of the present study was to determine the effect of electroacupuncture and acupuncture to reduce antinociception in the animal model of fibromyalgia.

2. Methods {#sec2}
==========

All experiments were approved by the Animal Care and Use Committee at the Federal University of Sergipe and are in accordance with the guidelines of the International Association for the Study of Pain on use of laboratory animals. Adult male Wistar rats (*n* = 24, 250--300 g) were used for this study.

2.1. Muscle-Induced Hyperalgesia {#sec2.1}
--------------------------------

Immediately after baseline behavioral measurements as described below, rats were anesthetized with isoflurane (2% to 5%) and injected with 100 mL of pH 4.0 sterile saline into the gastrocnemius muscle of the left hind limb on Day 0 (injection 1) and again on Day 5 (injection 2). This procedure causes a bilateral mechanical hypersensitivity of the muscle and paw that lasts up to 4 weeks \[[@B3], [@B4], [@B32]\].

2.2. Secondary Mechanical Hyperalgesia {#sec2.2}
--------------------------------------

Rats were tested for paw withdrawal threshold with von Frey filaments applied to the plantar surface of the paw. Initially, the animals were acclimated two consecutive days for mechanical threshold measurement before starting the experiment protocol. Animals were conducted to behavioral room for 30 minutes and then placed in transparent Lucite cubicles on a wire mesh elevated plate and acclimated for another 30 minutes each day. Then, the animals were again acclimated within their home cages in the behavior room for 30 minutes and placed in the cubicles for 30 minutes every day before testing. A series of filaments with increasing bending forces (11,8 to 190,9 mN) were applied twice on the plantar surface of the hind paw until the rat withdrew from the stimulus. The lowest force at which the rat withdrew its paw from 1 of 2 applications was recorded as the paw withdrawal threshold. A decrease in paw withdrawal threshold was interpreted as cutaneous hypersensitivity. This testing method has shown significant test-retest reliability and even injection of acidic saline was applied to the unilateral muscle; this test is used to capture very sensitization, since this promotes an animal model with central sensitization bilateral involvement \[[@B3]\].

2.3. Thermal Hyperalgesia {#sec2.3}
-------------------------

The test was performed using the Tail Flick apparatus where the animals were placed in clear acrylic structure in which only the tail faced outside, supported on a metal structure heated to 50°C over a period of 20 seconds. The time the rat took to remove the tail of the blade indicated time tolerance of the animal to the heat generated in the blade.

Thermal hyperalgesia test was performed in the next moment of the completion of the measurement of mechanical threshold and the engine performance test at the following times: prior to the first and second acid saline injection, 24 hours after the second injection of acidic saline, and immediately before and after each therapeutic application of appeal on five consecutive days of treatment after induction of muscle pain.

2.4. Motor Performance {#sec2.4}
----------------------

The motor effects promoted by electroacupunture or acupuncture in rats were tested by using Rota-rod treadmill. Specifically, the animals were placed on the Rota-rod running at speed with a gradual increase from 1 to 18 rotations per minute (rpm) for 120 seconds and maintained for another 30 seconds at 18 rpm \[[@B3]\].

The motor performance test was conducted at the same time as the measurement of mechanical threshold and thermal test at the following times: before the first and second acidic saline injection, 24 hours after the second injection of acidic saline, and immediately before and after application of each therapeutic resource for the five consecutive days of treatment after induction of muscle pain.

2.5. Acupuncture {#sec2.5}
----------------

Stainless steel needles (30 × 0.25 mm) were inserted into the acupoint St36, located in the anterior tibial muscle, 10 mm distal to the knee joint, and into the acupoint Sp6, located above the tip of the medial malleolus ([Figure 1](#fig1){ref-type="fig"}), for 20 minutes; independent needles were stimulated manually every 5 minutes.

2.6. Electroacupuncture Stimulation {#sec2.6}
-----------------------------------

Stainless steel needles (30 × 0.25 mm) were inserted into the acupoint St36, located in the anterior tibial muscle, 10 mm distal to the knee joint, and into the acupoint Sp6, located above the tip of the medial malleolus ([Figure 1](#fig1){ref-type="fig"}), when both acupuncture or electroacupuncture were used. For the electroacupuncture treatments, the needles were connected to an electronic pulse generator output (NKL Portable EL 608, Brazil), which produces a bipolar and asymmetric square wave. The frequencies tested were 15 Hz and 100 Hz, and the duration of stimulation was 20 min for both frequencies. Stimulus intensity was maintained at a sensory threshold, just below a detectable muscle twitch, in order to mimic the intensity used in clinical practice as closely as possible.

All animals were stimulated under isoflurane anesthesia. Control animals were anesthetized with isoflurane for the same amount of time, but no needle was used nor electrical current was delivered. We chose the model under anesthesia, because the model does not use the anesthetic effect causing many injuries in animals, thus hindering the real perception of treatment effect.

2.7. Experimental Design {#sec2.7}
------------------------

All animals were acclimated two consecutive days before starting the experimentation. Mechanical paw withdrawal threshold, thermal hyperalgesia, and motor performance were measured before both first and second injection of acidic saline and again immediately before and after all interventions during five consecutive days of treatment. The timeline for the experiment is presented in [Figure 2](#fig2){ref-type="fig"}.

2.8. Statistical Analysis {#sec2.8}
-------------------------

The paw withdrawal threshold was tested for differences between treatment groups by using the nonparametric Kruskal-Wallis test and differences within the group Wilcoxon Matched Pairs. The latency and motor performance were tested for differences between treatment groups by ANOVA parametric test for independent measures, and for differences in the group, we used *t*-test for paired samples. Post hoc Tukey test was used for multiple corrections. *P* values less than 0.05 were considered statistically significant.

3. Results and Discussion {#sec3}
=========================

3.1. Paw Withdrawal Threshold {#sec3.1}
-----------------------------

All groups showed a significant reduction in bilateral mechanical withdrawal threshold of the paw (*P* \< 0.03) 24 h after the second injection of acidic saline (*P* \< 0.05). However, there was a significant reversal of mechanical hyperalgesia in the groups treated with both EA (100 Hz and 15 Hz) and acupuncture for five consecutive days when compared to control (*P* \< 0.05, [Figure 3](#fig3){ref-type="fig"}).

3.2. Thermal Hyperalgesia {#sec3.2}
-------------------------

Twenty-four hours after the induction of muscle hyperalgesia by the second injection of acidic saline, the latency (*P* \< 0.001) was significantly reduced in the tail. After treatment there was a significant reversal withdrawal threshold in all treated groups compared with the control group (*P* \< 0.05) ([Figure 4](#fig4){ref-type="fig"}).

3.3. Motor Performance {#sec3.3}
----------------------

There was a significant reduction of the time to fall in a Rota-rod apparatus in all groups 24 h following the second injection of acidic saline (*P* \< 0.05), which was kept over the time of experimentation through five days of treatment ([Figure 5](#fig5){ref-type="fig"}).

The results of this study demonstrate that both electroacupuncture and acupuncture reduced the mechanical hyperalgesia and thermal hyperalgesia following administration of associated double intramuscular injection of acidic saline which generates muscle hyperalgesia that simulated experimentally fibromyalgia syndrome. In parallel, the motor performance was optimized in groups that received electrical stimulation.

To our knowledge, this is the first work of experimental animal study in rats investigating the effects of both electroacupuncture and acupuncture on an animal model of fibromyalgia. However, similar to our findings, some previous experimental studies have demonstrated the EA effect using different animal models: reduction of mechanical hyperalgesia, such as in models of inflammatory pain induced by carrageenan \[[@B20], [@B21]\]; nerve growth factor \[[@B17]\] or Freund\'s adjuvant \[[@B14], [@B16], [@B18], [@B22], [@B23], [@B33]\], in models of neuropathic pain after spinal section between S3 and S4 \[[@B13]\] and ligation of the anterior tibial and sural nerve \[[@B34]\]; pain ankle sprain \[[@B15]\]; ovariectomy in female dogs \[[@B24]\] and in rats \[[@B27]\] and in animal models of cancer induction \[[@B19]\]. Acupuncture has shown antihyperalgesic effect in neuropathic model \[[@B35]\] of pain induced by formalin injection \[[@B36]\]; however, there was no significant difference between acupuncture and EA in inflammatory pain model induced by Freund\'s adjuvant \[[@B37]\] and carrageenan \[[@B38]\].

In the present study, EA and acupuncture were able to promote reduction of the thermal hyperalgesia in this model of noninflammatory muscle pain. Some studies have demonstrated the EA-induced antihyperalgesia caused by EA in models of inflammatory pain by injection of Freund\'s adjuvant \[[@B16], [@B18], [@B33]\] or carrageenan \[[@B40]\], neuropathic pain by section between S1 and S2 \[[@B28], [@B30]\], and through the tail flick test in mice to verify the effectiveness of different frequencies of EA \[[@B39]\]. However, in studies of inflammatory pain induced by administration of Freund\'s adjuvant \[[@B14]\] and neuropathic pain \[[@B40]\], there were no significant changes in thermal hyperalgesia between groups treated with control group.

Our findings showed that in the present study, the motor performance of rats showed no change in the latency to fall compared to control animals. Except for the decrease 24 hours after the second injection, when the muscle hyperalgesia is supposed to be maximum and motor performance fell. Firstly, This suggests that reversal of hyperalgesia produced by EA in both frequency bandies, as well as acupuncture, is actually assigned antihyperalgesic action of stimulation, as sedative or muscle relaxants could change motor performance after treatment. Moreover, it seems that the development of muscle widespread hyperalgesia in this experimental model was responsible for impairing studies that correlate the EA and motor performance in models of hyperalgesia in rats, which are scarce. On the other hand Jia et al. \[[@B41]\] showed significant improvement in motor efficiency and coordination in mice after induction of Parkinson\'s disease by unilateral section of the medial forebrain bundle treated with high- and low-frequency electroacupuncture, but only the high frequency (100 Hz) demonstrated an improvement in this model for coordination and motor performance, which was not observed in our study.

After repeated use of electroacupuncture, we observed maintenance of analgesic efficacy of both low and high frequency, although some studies suggest the development of analgesic tolerance and the possible involvement of the opioidergic in mediating the effect of EA in both frequency bands. Similar to our findings, consecutive applications of EA for three days in a model of visceral hypersensitivity in mice did not develop tolerance to the analgesic treatment with electroacupuncture \[[@B42]\]. However, some studies have demonstrated the participation of opioid system in the antihyperalgesia of electroacupuncture promoted by the application through the administration of blockers of *μ* and *δ* opioid receptors \[[@B8], [@B16], [@B19]--[@B21], [@B27], [@B31], [@B33], [@B36], [@B44]\]. Other studies also confirmed the action of *β*-endorphin as evidenced, an increase in plasma after application of electroacupuncture in the postoperative ovariectomy in female dogs \[[@B24]\] and rats \[[@B27]\]. The increase in blood and brain *β*-endorphin has been demonstrated in a model of cancer induction in rats \[[@B19]\]. Although with these data we can not affirm the involvement of the opioid system, we believe this possibility, and yet we did not observe the effect of electroacupuncture reduced after 5 days of treatment in this animal model.

The involvement of the GABAergic system was demonstrated by Park et al. \[[@B28]\] in a model of neuropathic pain in rats; the blockade of GABA (A) and GABA (B) reversed the antihyperalgesic effect after stimulation of low-frequency EA (2 Hz). In parallel, 2 Hz EA operates in spinal muscarinic receptors, after administration of atropine that reversed the analgesic effects produced by EA \[[@B29], [@B30]\]. The serotonergic and glutamatergic systems also had their shares in mediating the effect of EA evidenced in previous studies. In animal model of hyperalgesia induced with Freund\'s adjuvant, after the application of EA was producing of catecholamines and serotonin, demonstrating the activation of these pathways in controlling pain \[[@B16]\]. Also, EA showed a decrease in phosphorylation of the subunits of spinal NMDA (N-methyl-D-aspartate), also demonstrating the involvement of these structures in the process of stimulation of EA analgesia \[[@B42]--[@B45]\]. Our data do not allow us to say exactly which pain inhibition system is acting.

Only five previous studies have investigated the anti-hyperalgesic effects of therapeutic strategies in experimental model of fibromyalgia in rats, one with pharmacological treatment and the others with non-pharmacological techniques. The reduction of hyperalgesia produced by morphine, SNC80, damge, and selective opioid receptor agonists was prevented by blocking opioid receptors *μ* and *δ* but not *κ*. Therefore, activation of spinal *μ* opioid receptors and *δ* reduces mechanical hyperalgesia following repeated intramuscular injection of acidic saline \[[@B7]\]. Pregabalin reduces mechanical hyperalgesia, but there was motor impairment in higher dosages \[[@B4]\] and the combination of tramadol and milnacipran enhances the antihyperalgesia in this animal model of FM \[[@B8]\]. The reversal of secondary mechanical hyperalgesia after physical exercises of low intensity \[[@B5], [@B6]\] was proven in the same animal model used by us and the action of the opioid system stimulated by exercise was shown when receptor blockade by naloxone interrupted the analgesic effect.

Clinically, the use of EA in patients with fibromyalgia was investigated in only one controlled clinical trial. In this study, fibromyalgia patients were treated with six sessions of EA for three weeks, using frequency that varied between 1 and 99 Hz, with intensity-level motor contraction. Compared to the control group, subjects treated showed significant analgesic effects, reducing the intensity and distribution of pain and analgesic consumption, increased pressure pain threshold, and improved quality of sleep \[[@B46]\].

Our work got some similar results in behavioral tests to those found in previous studies that showed the involvement of the opioid system in the reversal of hyperalgesia in animal models of pain through the use of electroacupuncture, which for us is a possibility, but the effect of treatment developed in our work did not lose its effectiveness even after 5 consecutive days, so we did not develop tolerance to treatment. We are doing some work to elucidate the possible mechanisms of acupuncture and electroacupuncture analgesia by this animal model both intrathecal and intracerebral level through blockers naloxone and naltrindole.

4. Conclusions {#sec4}
==============

All our data suggested that EA high and low frequency and acupuncture have the ability to reverse the mechanical and thermal hyperalgesia in animal models of chronic muscle widespread pain, diffuse, and bilateral noninflammatory produced by the double injection of saline acidic (pH 4.0). With regard to motor performance, the treatment groups (acupuncture, EA 15 Hz and 100 Hz) showed no significant difference in time spent in the Rota-rod compared to control. Studies are being conducted to better understand the mechanisms of action of EA in this animal model of hyperalgesia muscle pain, especially interactions with the opioid system, as well as other central and peripheral mechanisms.
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![Line graph representing the mechanical threshold (in mN) of ipsilateral paw withdrawal groups 15 Hz and 100 Hz electroacupuncture, acupuncture, and control. Values are presented as mean ± standard error of mean. Inj: injection; 1: before; 2: after. \**P* \< 0.05 compared to control group and the pretreatment. Kruskal-Wallis test for independent measures, adjusted by the Tukey test, and Wilcoxon Matched Pairs test for paired measurements.](ECAM2014-485043.003){#fig3}

![Line graph representing latency (in seconds) to withdraw the tail ipsilateral groups 15 Hz and 100 Hz electroacupuncture, acupuncture, and control. Values are presented as mean ± standard error of mean. Inj: injection; 1: before; 2: after. \**P* \< 0.05 compared to control group and the pretreatment. Measures: ANOVA test for paired and independent measures, adjusted by the Tukey test.](ECAM2014-485043.004){#fig4}

![Line graph representing the motor performance (in seconds) of the animals in groups 15 Hz and 100 Hz electroacupuncture, acupuncture, and control. Values are presented as mean ± standard error of mean. Inj: injection; 1: before; 2: after. \**P* \< 0.05 compared to control group and the pretreatment. Measures: ANOVA test for paired and independent measures, adjusted by the Tukey test.](ECAM2014-485043.005){#fig5}
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